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A STUDY OF RADIOXENON PRODUCTION FROM PROTON BOMBARDMENT OF METALLIC CESIUM 
D.L. F r i e s e l ,  V. J.  odd," D.C. ~ i u + ,  and J . W .  ~ l u e t  
A l i q u i d  cesium t a r g e t  has been developed Xenon followed by mass separa t ion .2  
which allows the  production and sepa ra t e  i den t i -  The t a r g e t  used f o r  t he  experiment was a 5 cm 
f i c a t i o n  o f  t he  neutron d e f i c i e n t  i so topes  of  diameter by 1 cm th i ck ,  t h i n  walled s t a i n l e s s  s t e e l  
Xenon. Nature has been benevolent i n  making conta iner  of l i q u i d  cesium t o  which the re  was a t -  
cesium monoisotopic and i n  s epa ra t ing  the  radio- tached a v e r t i c a l  r e f l u x  column. The cesium was 
xenon i so topes  123Xe, 125~e ,  1 2 7 ~ e  and 12'mXe by e l e c t r i c a l l y  heated t o  about 800C so t h a t  t he  radio- 
t he  s t a b l e  i so topes  1 2 4 ~ e ,  1 2 6 ~ e ,  128xi and 130xe. xenons produced would r ap id ly  reach the  l i q u i d  sur -  
As a consequence, t he re  e x i s t s  an inc iden t  proton face  and evolve from t h e  t a r g e t .  A desc r ip t ion  of  
energy a t  which t h e  y i e l d  of a  p a r t i c u l a r  radioxe- t he  development, opera t ion  and advantages of  t h i s  
non is  a maximum. That is, optimization of  t he  "Self-Vapor Cooled Target" system i s  found i n  Ref. 3. 
y i e l d  vs.  contamination by neighboring radioxe- The radioxenons produced i n  t he  t a r g e t  a t  each bom- 
nons can be achieved f o r  the  production of  each barding energy were ca r r i ed  away i n  6mm diameter 
of the  neutron d e f i c i e n t  i so topes .  The present  tubing by a low flow of helium gas (< 50 cc/min) a s  
r epo r t  descr ibes  our pre l iminary  r e s u l t s  from the  they evolved from the  cesium. They were co l l ec t ed  on 
i r r a d i a t i o n o f t h i s t a r g e t u t i l i z i n g 2 8 t o 1 6 0 M e V  c h a r c o a l i n a c o l d t r a p o p e r a t i n g a t l i q u i d n i t r o -  
protons,  i n  which Xenon i so topes  a s  l i g h t  a s  119 gen temperature. The gamma rad i a t i on  s p e c t r a  from 
were observed. t h e  charcoal  t r a p  were taken during bombardment, and 
The p r a c t i c a l  app l i ca t ion  of radioxenons i n  repeatedly  f o r  a  30 minute period fol lowing bombard- 
nuclear  medicine provides t he  motivation f o r  t h i s  
s tudy.  Xenon-123 is medically t h e  most important  
radioxenon because i t  is the  parent  of 1231, which 
is used d i r e c t l y  i n  thyroid s t u d i e s  and i n  l abe l -  
l i n g  many pharmaceutical compounds. Xenon-125 i s  
s i m i l a r i l y  va luable  as the  parent  of 1 2 5 ~ ,  while 
1 2 7 ~ e  i s  used d i r e c t l y  i n  lung profusion s tud ie s .  
I f  ava i l ab l e ,  1 2 9 ~  may a l s o  prove use fu l  f o r  
s i m i l a r  s tud i e s .  Furthermore, 129m~e is  of i n t e r e s  
because i t  exhibits a Nssbaue r  t r a n s i t i o n .  Pre- 
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sources  produced by r eac to r  i r r a d i a t i o n  of  n a t u r a l  Figure 1. 
Figure 2. 
ment. The t r a p  was subsequently sea led  o f f  and then 
removed from the  t a r g e t  system f o r  l a t e r  de t emina -  
t i o n  of the  y i e l d  of longer l i v e d  radioxenons. The 
experimental  conf igura t ion  is shown schematical ly i n  
Fig.  1. 
The d a t a  from 28 t o  41 MeV proton bombarding 
energy were taken using the  NASA-LEWIS Research 
cen te r t  s va r i ab l e  energy cyclo t ron  . Analyses of  
these  da t a  were c a r r i e d  ou t  using the  cyclo t ron  
computer system t o  f i t  Gaussian l i n e  shapes t o  
t he  peaks a f t e r  an appropr ia te  background sub t rac-  
t i on .  For more complex spec t r a ,  cons i s t i ng  of  
127xe and 129m~e,  a s  observed a t  35.7 MeV, a pure 
129m~e spectrum (as observed a t  32.0 MeV) was 
subt rac ted  wi th  proper normalizat ion t o  permit  more 
accura te  ana lys i s  of  t he  1 2 7 ~ e  r ad i a t i on .  This  
technique was used throughout t he  energy range 
of t h e  experiment and is i l l u s t r a t e d  i n  Fig.  2. 
The r eac t ion  c ros s  s e c t i o n  is due t o  t he  r eac t ions  
tak ing  p lace  i n  a th ickness  of t he  t a r g e t  AX, 
where AX is the  d i f f e r ence  i n  t he  proton range 
a t  t h e  two energies .  This AX can be converted 
Figure 3. 
i n t o  an a r e a l  dens i ty  of  t a r g e t  nuc l e i ,  which to- 
ge ther  wi th  t he  number of  i nc iden t  protons and t h e  
i nc rease  i n  t he  y i e l d  of t h e  radioxenon permits  
t he  ca l cu l a t i on  of a c ross  s ec t ion .  These r e s u l t s  
a r e  shown i n  Fig.  3 and repor ted  i n  d e t a i l  i n  
Ref. 4. 
The con t i nua t ion  of  these  measurements from 
41 t o  160 MeV was c a r r i e d  out  a t  t he  IUCF cyclo- 
t ron  F a c i l i t y  i n  t h ree  s epa ra t e  runs us ing  96, 140 
and 160 MeV proton beams. The e x c i t a t i o n  d a t a  f o r  
t h e  var ious  radioxenons were made i n  approximately 
5 MeV s t e p s  through t h i s  energy range by t h e  u t i l i -  
z a t i on  of  energy degrading f o i l s  a t  each proton 
beam energy. Both Be and C f o i l s  of  var ious  th ick-  
nesses ,  loca ted  i n  two r o t a t a b l e  t a r g e t  wheels of  
9 pos i t i ons  each, were used i n  combination t o  pro- 
v ide  t he  des i red  energy reduction.  The ana lys i s  of 
t he se  d a t a  is s i m i l a r  t o  t h a t  of  t h e  low energy 
da t a ,  except  t h a t  a t  these  ene rg i e s ,  t h e  proton 
beam does n o t  s top  i n  t he  t a r g e t .  Hence, whi le  
t h e  background sub t r ac t ion  is  sti l l  accomplished i n  
a manner s i m i l a r  t o  above, more care  must be taken 
i n  determining the  production cross  s ec t ions  of 
t he  various radioxenons from t h i s  y i e ld .  Here, 
t he  d i f f e r ence  i n  t h e  y i e l d  a t  two success ive  
energies  is now assumed t o  be caused by t h e  
r eac t ions  tak ing  p lace  i n  t h a t  th ickness  of  t h e  
t a r g e t  AX i n  which the  h igher  energy beam is de- 
graded t o  t he  lower energy. However, an a d d i t i o n a l  
co r r ec t ion  must be made t o  t h e  y i e l d  d i f f e r ence  
because of t he  e f f e c t i v e  d i f f e r ence  i n  t he  t a r -  
ge t  thickness f o r  t he  lower energy beam i n  both 
runs. 
The ana lyseso f  these  d a t a  a r e  s t i l l  i n  pro- 
g re s s ;  however, prel iminary ind i ca t ions  a r e  t h a t  
t he  peak production cross  s ec t ions  f o r  123xe, 
125~e and 1 2 7 ~ e  occur a t  energies  of 140, 73 
and 60 MeV r e spec t ive ly ,  
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